D iabetes mellitus affects .29 million persons in the United States, with the highest rates among adults .65 years of age (1) . At an annual cost of $245 million, a significant proportion of the burden results from complications of diabetes, including renal and cardiovascular disease. Among its complications, diabetes mellitus has been associated with a significant increased risk for fracture (2) (3) (4) (5) . However, type 2 diabetes mellitus among older adults has also been associated with increased bone mineral density (BMD); thus, the increased fracture rate presents a clinical paradox (6) (7) (8) .
The underlying mechanisms for this paradoxical increased fracture risk remain controversial. A number of complex interactions between bone and diabetes have been previously reviewed (9, 10) . Although older adults with diabetes have an increased risk of falls (11) (12) (13) , several studies have shown that the higher fracture risk persists even after adjusting for fall risk (14, 15) . Others have suggested that diabetes-related changes in bone quality also contribute to the increased fracture risk (16, 17) . These bone changes could be mediated in part by other diabetes-associated conditions such as impaired renal function or cardiovascular disease, both of which have been associated with lower bone quality and increased fracture risk (18, 19) . However, others have postulated that diabetes complications are simply a marker of more severe diabetes and do not indicate a mechanism of action.
Some studies have suggested a differential effect of diabetes on fracture risk by sex, with the increased fracture risk confined to women, whereas others have shown no interaction. Furthermore, there has been substantial variation in the magnitude of the risk estimates (20) (21) (22) (23) (24) . Therefore, we conducted this study to confirm and precisely quantify the risk of fracture (both clinical and hip) among older men with diabetes, and then to identify potential mediating factors of the fracture risk. We hypothesized that comorbidities, especially those related to complications of diabetes, mediate the observed increase in fracture risk.
Methods
Using administrative data from all 146 Veterans Health Administration (VHA) medical centers, we conducted a retrospective study of a cohort of male veterans aged 65 to 99 years who received primary care in the VHA from 2000 to 2010. Receiving primary care was defined as having two or more visits to a primary care provider in 2 consecutive calendar years. Men with a diagnosis of osteoporosis, osteoporosis medication prescription, or any clinical fracture in the 3 years prior to their start date were excluded. The VHA data sources included the inpatient treatment file, outpatient care file, the fee-basis file, and the Pharmacy Benefits Management Services outpatient treatment file. Because some veterans receive urgent/emergent medical care at non-Veterans Affairs facilities, the cohort was limited to those $65 years of age, and VHA data were linked to Centers for Medicare and Medicaid Services (CMS) Medicare fee-for-service data for more complete capture of medical care. The Medicare data sources were derived from fee-for-service Medicare, including part A (inpatient, including skilled nursing, home health, and hospice) and part B (outpatient) claims. 9 , and congestive heart failure was defined as ICD9 codes 425.x and 428.x (additional definitions are available from the authors upon request). Chronic kidney disease was defined as the presence of respective ICD9 codes on two or more inpatient or outpatient visits, or creatinine clearance ,60 mL/min on at least two laboratory measurements at least 3 months apart. Chronic corticosteroid use was defined as three or more continuous months of use of glucocorticoid medication at an average daily dose $10 mg of prednisone equivalents. History of tobacco use was defined as ICD9 codes for tobacco dependence, tobacco use, or presence of a prescription for nicotine replacement.
Natural language processing using a validated extraction process from radiology and consult databases in the Veterans Affairs Informatics and Computing Infrastructure platform was used to extract results from BMD assessments by dual x-ray absorptiometry on individual veterans. The databases were queried for any text fields with keywords such as DEXA, DXA, bone density, BMD, T score, and adjacent text searches that extract site-specific BMD results.
Descriptive statistics were used to characterize the study population, with means and standard deviation values for continuous variables and with frequencies and percentages for categorical variables. The x 2 test for categorical variables or the Student t test for continuous variables was used to examine the difference in distributions of baseline characteristics between those with and without diabetes. The fracture outcomes of interest were any clinical fracture and hip fracture. Association of diabetes with clinical fracture risk was evaluated using negative binomial regression modeling and with hip fracture using logistic regression. The initial model evaluated association of diabetes with the fracture outcome, controlling for fracturerelated comorbidities, including age, race/ethnicity, BMI, rheumatoid arthritis, corticosteroid use, tobacco use, and alcohol use, which were then added to the model. Relative risks (RRs) of clinical fracture or odds ratio (OR) of hip fracture associated with diabetes with 95% confidence intervals (CIs) are presented. To evaluate potential mediating factors, comorbidities associated with both diabetes and metabolic bone disease were added individually to the fracture-related model, specifically cerebrovascular disease, cardiovascular disease, peripheral vascular disease, myocardial infarction, hypertension, chronic obstructive pulmonary disease, chronic liver disease, prostate cancer, mood disorders, seizure disorders, and neuropathy. Mediation factors were identified by comparing CIs for diabetes-associated fracture risk prior to and after inclusion of potential factors in the regression model. Nonoverlapping 95% CIs were deemed to be significant factors. A final model was evaluated that included all significant mediating factors into a single model. The percentage of the mediated effect was calculated as the relative change in the parameter estimate after inclusion of the potential mediator to the model. All analyses were done in the SAS System for Windows (version 9.3; SAS Institute, Cary, NC).
Results
Among the 2,798,309 veterans in the cohort, 900,402 (32.3%) had diabetes. Baseline characteristics of the study population stratified by diabetes status are presented in Table 1 (Table 3) : peripheral neuropathy explained 21.1% of the fracture risk, congestive heart failure explained 16.6%, and cardiovascular disease explained 6.9%. However, chronic kidney disease and cerebrovascular disease did not significantly mediate the fracture risk. As expected, comorbidities that are not associated with diabetic complications (e.g., chronic liver disease, chronic pulmonary disease) were not significant mediation factors and were not included in the final model. In the final model, inclusion of peripheral neuropathy, cardiovascular disease, and congestive heart failure resulted in mediation of 45.5% of the total fracture risk. For hip fracture, the OR associated with diabetes, after adjusting for demographic factors and fracture-related comorbidities, was 1.21 (95% CI, 1.19 to 1.23). As observed with risk of any clinical fracture, peripheral neuropathy was a significant mediator of the diabetesassociated hip fracture risk (20% of fracture risk explained) (Table 4 ). Both cardiovascular disease and congestive heart failure trended toward a significant mediation effect; however, the CIs were overlapping with the baseline model. Forty-one percent of the hip fracture risk associated with diabetes was explained with inclusion of peripheral neuropathy, cardiovascular disease, and congestive heart failure.
Discussion
In this large retrospective cohort study of men .65 years of age, after controlling for multiple fracture-related risk factors, diabetes mellitus remained independently associated with a significant 20% increase in any clinical fracture and hip fracture. Our estimate of the magnitude of the fracture risk associated with diabetes in men is largely consistent with, but more precise than, prior prospective studies. The Osteoporotic Fractures in Men (MrOS) cohort had a 22% increased risk associated with diabetes; however, there was not a significant difference in rate of hip fracture associated with diabetes mellitus in the MrOS study [3. 3 per 1000-person-years (nondiabetes) vs 3.1 per 1000-person-years (diabetes)] (24). In the Health ABC study, the unadjusted RR was 1.61; the risk was lower in our study compared with that observed in the Health ABC study, but study participants in Health ABC were slightly older than those in MrOS and in the present study (8) . A prior population-based study in Ontario, Canada, showed a significant increase in hip fracture risk associated with diabetes, after adjusting for multiple confounders, including age, medical comorbidities, and medication use (hazard ratio, 1.18; 95% CI, 1.12 to 1.24) (5). Interestingly, there was a statistically significant sex interaction, with men having lower risk than women. Compared with prior studies among older women, our study suggests that the magnitude of both any clinical fracture and hip fracture risk, associated with diabetes, among older men is comparable to that reported in older women. Nearly half of the increased risk in clinical fracture was mediated by diabetes-related comorbidities, including neuropathy and cardiovascular disease, but not by unrelated comorbidities such as chronic liver or pulmonary disease. There was no mediation observed by chronic kidney disease or cerebrovascular disease. In contrast to our results, diabetes-related comorbidities were not associated with increased fracture risk in the Health ABC study; however, those authors acknowledge that they may not have had sufficient power to observe such an effect. Although some have hypothesized that diabetes is simply a marker of poor health status, our study had ample power to suggest a direct effect of diabetes on incident fracture risk by specific mechanisms.
Peripheral neuropathy was the most important mediator of fracture risk observed in our cohort. Prior studies have shown a significant risk of falls associated with both peripheral neuropathy and type 2 diabetes, as well as a contribution of such falls with regard to fracture risk (11, 12, 27, 28) . For example, in the Women's Health Initiative-Observational Study, Bonds et al. (14) found that older women with diabetes reported more falls at baseline and during follow-up, compared with those without diabetes (44% vs 32%). Thus, our data reinforce the importance of fall risk reduction interventions for both female and male patients with diabetes, particularly those with peripheral neuropathy.
We also found significant mediation by congestive heart failure, suggesting a direct effect of diabetes on bone and calcium metabolism. Congestive heart failure has been associated with lower serum 25-hydroxyvitamin D levels, increased parathyroid hormone levels, increased magnesium and calcium excretion, and fracture risk (29) (30) (31) (32) . In animal studies, increased aldosterone (as found in heart failure) stimulated increased calcium excretion and increased parathyroid hormone levels (33, 34) . In a case-control study of male veterans, Carbone et al. (35) showed fewer fractures in patients prescribed spironolactone, an aldosterone antagonist. Also, studies have shown increased levels of inflammatory cytokines (e.g., interleukin-6 and tumor necrosis factor-a) associated with congestive heart failure (36, 37), which have also been associated with increased fracture risk, as well as frailty and physical performance (38) (39) (40) (41) . Although this suggests that congestive heart failure may also lead to increased falls risk, the mediation seen in the present study appears to be independent of that seen with peripheral neuropathy. Our findings suggest that bone density screening and fracture prevention strategies should be emphasized for patients with comorbid diabetes and heart failure.
Our results should be interpreted in light of the study strengths and weaknesses. To our knowledge, this is the largest cohort study among older men of diabetes and fracture risk, allowing for precise estimates of fracture risk within this population. Because of the linkage with the CMS database, there was high ascertainment for clinical fracture, as prior studies have demonstrated good sensitivity and specificity for ICD9 fracture codes (42) (43) (44) . However, potential weaknesses should be acknowledged. In contrast to prior prospective studies, covariates in this study were limited to those that were available in administrative datasets, and some laboratory (e.g., 25-hydroxyvitamin D, parathyroid hormone levels) and fracture-related risk factors (e.g., falls not resulting in health care utilization, parental hip fracture history) were not measured. We were unable to quantify duration of diabetes, or accurately assess diabetes control in our dataset. Finally, prior studies have shown that veterans have higher risk of fracture compared with nonveterans (45) (46) (47) (48) . Therefore, the generalizability of the results in this study may be limited. However, the comparison group in this study was also veterans, thus reducing variability between groups and selection bias.
In conclusion, this large cohort study confirmed a 22% increased risk of incident clinical fracture associated with diabetes among older men. This risk was independent of other known risk factors for fracture. A significant portion of this risk was explained by diabetes-related comorbidities, specifically peripheral neuropathy and congestive heart failure. Identification of these mediating factors suggests possible mechanisms for the diabetes effect, as well as potential interventions.
